3
Invitrogen) was used for the BAC DNA modification system as described previously [5, 6] . The PCR primer pair used for the genotyping of this line is as follows:
Dnd1-3F-Fw3 (5ʹ′-GTC GAC GGT ATC GAT GAC TC-3ʹ′) and Ter for TG-Rv4 (5ʹ′-CTG GTG CCA AGC TGG GAA TT-3ʹ′).
Generation of antibodies against DND1, DAZL, and PIWIL4/MIWI2. The 6 × His-tagged DND1, DAZL, or 180 amino acid residues of the PIWIL4/MIWI2 N-terminal (PIWIL4/MIWI2 [N180]) fusion proteins were used to immunize rabbits and guinea pigs. Antibodies were affinity-purified with GST-DND1, GST-DAZL, or GST-PIWIL4/MIWI2 [N180] from each anti-serum and stored in a 0.1% BSA/0.05% NaN 3 solution at 4 °C. Generation of antibodies against NANOS2 and NANOS3 was previously reported [7] Immunoprecipitation -mass spectrometry. For the mass spectrometric analyses, 100 testes from either wild-type or transgenic E15.5 embryos expressing FLAG-tagged NANOS2 were used for generation of extracts as previously described [2] . The supernatants were then mixed with 30 µl of anti-FLAG M2 affinity beads (Sigma-Aldrich, St. Louis, MO, USA) and incubated on a rotator for 3 h at 4 o C. After 5 washes with wash buffer, the beads were boiled in sample buffer as previously described [2] and then, the eluates were separated by SDS-PAGE and visualized with Silver Quest TM silver staining kit (Invitrogen). The both gels of wild-type and transgenic lanes at the same molecular weight were excised (Fig. EV1A) , and then 4 analyzed by the mass spectrometric unit of Center for Developmental Biology, RIKEN.
The resulting tryptic peptides of mass data were matched against the NCBInr database using the Mascot or Sequest programs. The proteins only in the transgenic gel but not in the wild-type gel were identified as candidates for NANOS2-associated proteins as Table EV1 .
Immunoprecipitation -western blotting analysis. For the immunoprecipitation of FLAG-tagged NANOS2 from testis extracts with or without RNase treatment, 60 testes from either wild-type or transgenic E15.5 embryos were used for generation of extracts as previously described [2] . For the immunoprecipitation from HeLa cell extracts, FLAG or HA-tagged Dnd1, Nanos2, and their mutants were cloned into pcDNA3.1 (Invitrogen) and then transfected to HeLa cells as described previously [8] . The supernatants were then mixed with 20 µl of anti-FLAG M2 affinity beads (Sigma) and incubated on a rotator for 3 h at 4 o C. After 5 washes with wash buffer as previously described [2] , the beads were boiled in sample buffer and the eluates were analyzed by western blotting analyses with antibodies against CNOT1 (1:500, provided by H. T.
Timmers), CNOT3 (1:500, provided by T. Tamura), CNOT7 (1:500, provided by A. B.
Shyu), CNOT9 (1:500, provided by H. Okayama), DDX6 (1:2,000, MBL, Japan), AGO2 (1:500, provided by G. J. Hannon), DND1 (1:800), NANOS2 (1:800), FLAG
(1:8,000, F3165, Sigma), HA (1:800, 3F10, Roche Ltd.), PUMILIO1 (1:1,000, GTX62262, GeneTex Inc., CA, USA) and PUMILIO2 (1:1,000, GTX62280, GeneTex Inc.).
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GST pull-down assay. MBP-tagged LacZα, DND1, NANOS2, NANOS3, NANOS2
(C61A, C96A), and NANOS2 (60-114) proteins were expressed in the E. coli BL21 (DE3) strain using a pMAL-c2 vector and purified with Amylose resin (New England Biolabs, Ipswich, MA, USA). GST-tagged NANOS2, NANOS3, or DND1 were cloned into pGEX-5X vectors (GE Healthcare, Little Chalfont, UK) and then expressed in E.
coli, BL21 Star (DE3) (Invitrogen) cells as previously described [8] . or by CBB staining as previously described [9] .
Western blotting analysis of testis proteins from E12.5 to E16.5 embryos. 2 testes from E12.5 to E16.5 embryos were sonicated in 30 µl of sample buffer and then separated by SDS-PAGE. Proteins were analyzed by western blotting with antibodies against DND1 (1:800), NANOS2 (1:800), NANOS3 (1:800), NANOG (1:800, IHC-00205, BETHYL laboratories, Inc., USA), OCT3/4 (1:1,000, C-10, Santa Cruz 6 Biotechnology, Inc., USA), DNMT3L (1:800, provided by S. Yamanaka), PIWIL4/MIWI2 (1:800), TUBULIN (1:2,000; sc-5286, Santa Cruz).
Squash preparation of male gonocyte − immunostaining. For the analysis of DND localization in P-bodies, male gonads were removed from wild-type embryos at E16.5
and chromosome spreads were prepared as previously described [10] . After washing with PBS for 3 min and pre-incubation with 3% skim milk, samples were immunostained with antibodies against DND1 (1:500) and DCP1a (1:800), followed by staining with donkey anti-rabbit IgG secondary antibody conjugated with Alexa594
(diluted 1:250) and anti-mouse IgG secondary antibody conjugated with Alexa488
(diluted 1:250) and then examined using confocal laser scanning microscopy system (DIGITAL ECLIPSE C1, Nikon Corporation, Tokyo, Japan).
Biomolecular fluorescence complementation assay. Both VENUS-C-fused Dnd1 and VENUS-N-fused wild-type Nanos2 or Nanos2 (C61A, C96A) were cloned into pcDNA3.1 (Invitrogen) as described previously [11] , and transfected into NIH3T3 cells.
After immunostaining with antibodies against DND1, NANOS2, DCP1a or DDX6, VENUS signal was examined using confocal laser scanning microscopy system (Olympus IX83 confocal microscope).
Immunoprecipitation and RT-qPCR. For the immunoprecipitation of FLAG-tagged DND1, 100 testes from either wild-type or transgenic E15.5 embryos were used for generation of gonadal extracts, and the supernatants were then mixed with 20 µl of anti-FLAG M2 affinity beads (Sigma) and incubated on a rotator for 3 h at 4 o C as previously described [2] . Similarly, for the immunoprecipitation of NANOS2, 60 testes from Dnd1 flox/flox or Dnd1 flox/flox ; Tg(Oct4ΔPE-CreER T2 ) E15.5 embryos, each administered with 5.0 mg of tamoxifen at E13.5, were used for generation of gonadal extracts as described [2] . The supernatants were incubated with 1 mg of ProteinA beads (FG beads (TAS8848N1172), Tamagawa seiki, Japan) crosslinked with anti-NANOS2
antibody by disuccinimidyl suberate (Pierce, Rockford, IL) on a rotator for 3 h at 4 o C.
In either case, after immunoprecipitation, co-precipitated RNAs were purified 
